Polycystic ovary syndrome (PCOS) is a complex (polygenic) and heterogeneous disorder with no particular pattern of inheritance characterized by hyperandrogenemia, hyperinsulinemia, insulin resistance, and chronic anovulation. PCOS heritability is inferred from studies of the syndrome in different populations while some of variations in the results of genetic studies have been originated from the lack of uniform criteria for diagnosis. However, regardless of used diagnostic criteria, the available genetic studies suggest a familial component. Meanwhile, there is a genetic susceptibility to PCOS with an unknown pathophysiologic and molecular basis.
The extent to which familial clustering of PCOS is due to inheritance or shared environmental factors, and can be assessed by comparing concordance rates for the disease in identical versus non-identical twins. Since identical twins are genetically identical while non-identical twins share on average half of their genes, the difference between the concordance rates signifies the contribution of genetic versus environmental factors to the etiology of PCOS. Therefore, we conducted a twin study to measure the extent of PCOS heritability and to identify environmental and genetic factors involved in ethiopathogenesis of PCOS. The purpose of this study was to establish a more reliable concordance rate and baseline heritability that estimate for PCOS in identical versus non-identical twins; and a cohort of intact identical and non-identical female twin pairs as a resource for future studies.
Materials and Methods

Subjects
The data of this study, was taken from the subjects utilized and mentioned in our previous survey (2) , and was part of Iranian Twin Registry. All of the twins filled a demographic questionnaire and were asked to undergo a medical evaluation for PCOS confirmation. This includes a physical exam, medical history, pelvic ultrasound study, biochemical blood tests, and a clinical evaluation for acne, and hirsutism based on Ferriman-Gallwey Score. The women were also asked for history of irregular menses and zygosity based on their self-reports. After that, all individuals divided in two groups (with and without PCOS) based on Rotterdam criteria. At last, all blood samples stored at (-80 °C in a freezer for further studies). As a part of a national ongoing twin family study, surveys were mailed to them and their families with an interval of 18 mounts. Data of zygosity were collected from all twins based on the questionnaire data in total 154 (out of the 2000) females participated in the survey. The remaining data set for the univariate analyses of PCOS contained 154 females including 96 identical and 58 non-identical (same sex) twins. Because of our announcement for only femalefemale twins, we had no females from non-identical opposite sex pairs, or non-twin sisters.
Phenotype definition PCOS was evaluated based on questions about the annum frequency of menstrual cycles while not using contraception (> 8, < 9, < 6, 2 or less), suffering from acne/pimples, and hirsutism (including physical exam based on Ferriman Galway score). Then PCOS was defined as less than nine natural menstrual cycles a year combined with hirsutism or acne. In addition, the survey included some demographic information (date of birth, age at menarche, birth weight, current height and weight, and having children).
Statistical analyses
Modeling of twin data allows discrimination between phenotypic variance due to genetic factors and environmental factors. We assessed the additive genetic effects of contributing gene loci reflecting the dominance and narrow-sense heritability of PCOS via analyzing the concordance rates. The concordance rates were counted and a comparison analysis was done among identical and non-identical twins and between them for the presence of PCOS. Variance caused by shared environmental effects are also assessed and specified in our model.
Results
Based on the Rotterdam consensus criteria, concordance rate was higher among identical (33.34%) than nonidentical (20.69%) twin pairs with the ratios of 1.65 for occurrence of PCOS, and 1.5 for the level of cholesterol, respectively. Characteristics and demographic data of the studied individuals are listed in Table 1 . The prevalence for abnormal HDL varied from 43.75% in identical versus 16.67% in non-identical twins indicating a concordance risk ratio of 2.625. Although this ratio was significantly less (1.125) for LDL, and the prevalence of the whole lipid profile shows no significant difference between identical and non-identical twins. In total, 67.3% of the females included in this study have abnormal lipid profile. The percentage of females suffering from PCOS was not significantly different in females with abnormal lipid profile (p= 0.783). In contrast, the females with abnormal lipid profile showed more PCOS than the females with normal lipid profile (p< 0.05). There were 72 females (46.75%) classified as having PCOS. The prevalence was 48 (66.7%) in identical versus 24 (33.3%) in non-identical which seems to be significantly different (p< 0.05). Table 2 shows the tetrachoric correlation values for identical and non-identical twin and sister pairs. Interestingly and significantly, the highest rate of PCOS occurrence has been observed in 1 out of 2 non-identical females, and correlation values are higher in identical twins than non-identical ones suggesting a large genetic influence on all variables. The pattern of correlations for PCOS also suggests additive genetic influences. Considering the HDL values among identical versus non-identical females with PCOS, a significant correlation (> 2.65 folds) has been observed, suggesting genetic dominance or epistasis. To distinguish between genetic and common environmental influences, univariate genetic models were recruited and fitted to the PCOS data (Table 3) . Also in the full model, 77.4% of the variance is explained by genetic factors (additive genetic variance), 5.5% by shared environment factors (common environmental variance), and 17.1% by unique environmental factors. The latter results suggested that the roles of shared environmental factors are also significant. The larger statistical power on familial resemblance than the univariate model, clearly shows the importance of genetic factors to PCOS.
Discussion
In this study, we announced for female (identical and nonidentical) twins to study the rate of PCOS and other traits associated with it. First, a concordance rate of 33.34% among identical and 20.69% among non-identical twin pairs, with the ratio of 1.65 was found. We have also reached 1.5 as a concordance ratio rate for the level of cholesterol among identical compared to non-identical twin pairs in Iran. In a previous twin study of PCOS, there was a concordance rate of 60% among the sampled nonidentical twin pairs and 74% among identical twin pairs (3). This difference might be due to different inclusion criteria of Rotterdam as well as a more susceptibility to this complex disease in Iranian individuals in the 2 decades. Hence, assigning a phenotype to prepubertal girls and postmenopausal women is complicated. Moreover, the syndrome is associated with subfertility, so large pedigrees with multiple affected women are hard to be found (4) . Besides the controversy about the exact nature of a possible male phenotype (4), it has been suggested that premature balding is more prevalent among male relatives of women with PCOS (5). Nevertheless, the genetic basis of WHO II/PCOS is demonstrated by many studies showing an increased prevalence in individuals who have a first degree relative with the disease (6) (7) (8) . However, these studies are flawed by aberrant diagnostic criteria and inaccurate diagnostic methods. Despite all shortcomings the existing literature suggests clustering of PCOS in families with a mode of inheritance that is consistent with an autosomal dominant pattern (4) . In the largest available study including both identical and non-identical twins, Jahanfar et al. (1995) found a high degree of discordance among the available twins Table 1 . Demographic data of identical and non-identical twins with and without PCOS.
IDENTICAL (n=93) NON-IDENTICAL (n=59)
PCOS - In a recent study, no significant difference has been shown between the prevalence of PCOS in women from opposite-sex and same-sex twin pairs, singleton sisters, or spouses; indicating no intrauterine environmental exposure to male fetus, results in PCOS-like traits (9) . In complex disorders (polygenic trait) such as PCOS, several genetic and environmental factors may be implicated. Hence the mutation-associated risk is heavily depending on the presence of other genetic or environmental risk factors. Therefore, PCOS might result from the interaction of susceptible and protective genomic variants and environmental factors, during either prenatal or postnatal life (10) . As it is often impossible to clinically distinguish between patients who developed the disease due to a specific mutation and those who have a different etiology, recombination between the disease and marker may be falsely inferred. Therefore, the power to unravel the genetics of complex disorders has proven to be low (11).
Conclusion
As a further study, a genetics investigation to identify the genes with high impact on PCOS occurrence, and interacting with environmental factors is highly recommended.
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